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1.  INTRODUCTION 

The  Fuels  end  Lubricants  Division,  Energy  and  Water  Resources  Laboratory, 
MERADCOK,  Is  responsible  for  the  development  of  the  filter/separator  component 
of  the  Arctic  Fuel  Dispensing  Equipment  (AFDE),  The  AFDE  must  be  capable  of 
operation  at  -51 *C  (-60*F).  Figure  1  shows  an  artist's  conception  of  an 
arctic  forward  refueling  area  using  the  AFDE.  MERADCOM  is  considering  the 
following  two  options  for  the  AFDE:  (1)  development  of  a  completely  new 
f liter/separator  or  (2)  modification  of  the  current  Military  Standard  fil¬ 
ter/separators  for  use  at  low  temperatures.  This  report  contains  data  on  the 
low-temperature  behavior  of  sevaral  fuals  and  will  serve  as  an  aid  to  MERADCOM 
in  developing  the  filter/separator  portion  of  the  AFDE. 

II.  BRIEF  SUMMARY  OF  INDUSTRY  PRACTICE 

A  brief  survey  wan  mads  to  determine  Industry  practice  with  respect  to  cold 
weather  fuel  handling  and  filtration  practices  In  arctic  climates.  As  ex¬ 
pected,  fuels  Intended  for  use  In  turbine  engine  aircraft  are  kept  clean  and 
dry  and  are  usually  run  through  a  filter /separator  each  time  the  fuel  Is  moved 
from  one  location  to  another.  Diesel  fuels  are  not  subjected  to  extensive 
filtering  or  coalescer  treatment.  The  Alaska  Railroad  (Anchorage,  AK)  re¬ 
ported  no  special  flLtratlon  of  diesel  fuel.  The  Alaska  Department  of  Highway 
(Fairbanks,  AK)  also  reported  no  additional  diesel  fuel  filtration  after 
receiving  the  fuel  from  the  supplier.  Alyeska  Pipeline  Service  Company  re¬ 
ported  a  final  fuel  filtration  prior  to  fueling  gas  turbines  which  drive  the 
pipeline.  However,  the  fuel  filters  ars  located  In  a  heated  building  and  not 
subjected  to  arctic  conditions.  The  fuel  is  generally  quite  clean  and  dry  as 
filter  elements  are  Infrequently  changed.  In  other  Alyeska  locations,  fuel  Is 
heated  either  by  tank  heaters  or  by  the  addition  of  warm  product  from  topping 
units.  In  either  case,  fuel  temperature  Is  kept  above  0*C  to  avoid  possible 
filter  plugging  due  j  Ice  crystals. 
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FIGURE  I.  ARCTIC  FUELS  DISPENSING  EQUIPMENT 
(Arctic  Forward  Area  Refueling  Equipment) 


III.  LOW-TEMPERATURE  FUEL  INVESTIGATIONS 


A,  Test  Fuels 

Five  test  fuels  were  obtained  by  tne  U.S.  Army  Fuels  and  Lubricants  Research 
Laboratory  (AFLRL)  and  analysed  for  properties  required  by  their  respective 
specifications.  The  fuels  were  JP-4,  JP-5,  JP-8,  DF-A,  and  DF-1  (.1-.3)**.  The 
test  fuel  properties  are  shown  in  Table  1.  The  five  test  fuels  met  their 
respective  specifications  with  the  following  exceptions:  JP-5  had  slightly 
higher  TAN  than  allowed.  JP-8  had  a  slightly  higher  freeze  point  than  permit¬ 
ted  by  specification,  and  the  JP-4  apparently  did  not  contain  the  electrical 
conductivity  additive  as  required  by  MIL-T-5624L.  Two  additional  test  fuels 
were  made  by  adding  0.15  volX  ethylene  glycol  monomethyl  ether  (EGME)  to  the 
DF-A  and  DF-1  (4_).  The  JP-4,  JP-5,  and  JP-8  all  contained  from  0.08  to  0.11 
vol%  EGME.  MEKADCOM  supplied  the  following  four  fuels  from  Alaska:  JP-4, 
JP-5,  Jet  A-l  (5)  and  DF-A.  The  analyses  of  the  Alaskan  fuels  are  shown  in 
Table  2.  It  is  of  interest  to  note  the  rather  high  fuel  system  Icing  inhi¬ 
bitor  (FSII)  content  of  the  Alaskan  DF-A  (0.28  volX).  The  Alaskan  Jet  A-l 
contained  0.02  volX  EGME  while  the  Alaskan  JP-4  had  0.07  volX  EGME  and  the 
JP-5  contained  0.09  volX  EGME.  These  fuels  were  included  in  portions  of  the 
low-temperature  fuel  behavior  determinations. 

B.  Fuel  Viscosity  and  Conductivity 

Fuel  viscosity  and  conductivity  determinations  were  made  for  the  seven  non- 
Alaskan  test  fuels  at  10®F  intervals  from  +30#F  (— 1 • 1 #C>  to  -60#F  (-51.1°C). 
Because  cooling  rate  has  a  direct  effect  on  crystal  size,  the  test  fuels  were 
all  cooled  at  &  constant  rate  (6).  The  results  are  shown  in  Tables  3  through 
9.  Each  fuel  was  tested  with  water  present  at  three  different  levels,  in¬ 
cluding  a  water-"saturated"  sample.  The  fuels  apparently  become  water  sat¬ 
urated  at  around  200  to  400  ppm  water,  as  vigorous  mixing  with  water  failed  to 
increase  the  water  content  of  the  fuels.  The  JP-4  and  JP-5  fuels  were  vig¬ 
orously  stirred  with  added  water,  while  the  remaining  fuels  were  subjected  to 
sonic  treatment  as  a  means  of  dissolving  and  dispersing  water  in  them.  Water 


♦Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the 
end  of  this  report. 
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TABLE  1.  TEST  FUELS  PROPERTIES 


Code 

Description 

Property 

Gravity,  ‘API 
Flash  Point,  *C 
Cloud  Point,  *C 
Pour  Point,  *C 
Freese  Point,  *C 
Kin  Vis  at  40*C,  cSt 
Kin  Vis  at  -20*C,  cSt 
Distillation,  *C 
10X 
20X 
SOX 
90X 
EP 

Residue,  volX 
Heat  of  Combustion,  MJ/kg 
Gross 
Hat 

Copper  Corrosion  at  100*C 
RVP  kPa 

Total  Acid  Ho.,  mg  KOH/g 
FIA,  volX 
Aromatics 
Olefins 
Saturates 
Sulfur,  WV.X 

Particulate  Matter,  mg/1 

Existent  Gum,  mg/ 100  ml 

Carbon,  vtX 

Hydrogen,  wtX 

Water,  ppm 

FSII,  volX 

Cetane  No, 


AL-9254 

AL-7247 

JP-4 

JP-5 

Test 

Method 


D  287 

56.4 

40.3 

D  93 

ND 

60 

D  2500 

ND 

-46 

D  97 

ND 

-57 

D  2386 

-65 

-46 

D  445 

ND 

1.58 

D  445 

ND 

6.26 

D  86 

90 

199 

101 

205 

136 

218 

194 

246 

238 

266 

1.5 

1.0 

D  240 

46.94 

46.58 

43.87 

43.69 

D  130 

ND 

la 

D  323 

19.99 

ND 

D  664 

0.01 

0.20 

D  1319 

9 

20 

1 

2 

90 

78 

D  2622 

0.11 

0.16 

D  2276 

0.3 

0.6 

D  381 

1.7 

1.3 

a 

85.26 

86.30 

a 

14.46 

13.59 

D  1744 

70 

30 

FTMS  791 

0.10 

0.11 

D  613 

ND 

ND 

AL-9293 

JP-8 

AL-9294 

DF-1 

AL-9295 

DFA 

47.9 

42.2 

47.7 

43 

82 

45 

-55 

-23 

-52 

-65 

-36 

-56 

-44 

-18 

-52 

1.08 

1.93 

1.18 

3.06 

ND 

ND 

172 

219 

178 

173 

221 

182 

179 

229 

191 

204 

278 

214 

260 

325 

252 

1.0 

1.0 

1.0 

46.43 

46.42 

46.08 

43.43 

43.47 

43.09 

la 

la 

la 

ND 

ND 

ND 

0.01 

ND 

ND 

13 

14 

11 

1 

2 

2 

86 

84 

87 

0.01 

0.02 

0.01 

0.5 

0.4 

0.5 

0.5 

ND 

ND 

85.  *3 

86.03 

85.10 

14.15 

13.88 

14.08 

30 

30 

80 

0.08 

0.00 

0.00 

ND 

60 

51 

ND  -  Not  determined* 
a  ■  AFLRL  microcombustion  method* 
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TABLE  2.  ALASKAN  FUELS  PROPERTIES 


Code 

AL-9476 

AL-9477 

AL-9478 

AL-9479 

Description 

JP-4 

Jet  A-l 

DFA 

JP-5 

Test 

Property 

Method 

Gravity,  "API 

D  287 

53.3 

42.2 

40.8 

41.4 

Flash  Point,  "C 

C  93 

ND 

41 

43 

63 

Cloud  Point,  "C 

D  2500 

Below  -65 

-52 

-43 

-52 

Pour  Point,  "C 

D  97 

Below  -65 

-58 

-53 

-60 

Freeze  Point,  *C 

D  2386 

Below  -65 

-49 

-47 

-56 

Kin  Vis  at  40*C,  cSt 

D  445 

ND 

1.23 

1.44 

1.47 

Kin  Vis  at  -20°C,  cSt 

D  445 

1.38 

3.89 

5.12 

5.40 

Instillation,  ®C 

D  86 

10% 

101 

168 

187 

202 

20% 

106 

175 

197 

205 

50% 

118 

203 

215 

213 

90% 

178 

246 

245 

236 

EP 

241 

272 

274 

268 

Residue,  vol% 

1.0 

1.0 

1.0 

1.0 

Heat  of  Combustion,  MJ/kg 

D  240 

Gross 

45.82 

45.11 

45.42 

45.71 

Net 

42.  J5 

42.26 

42.58 

42.86 

Copper  Corrosion  at  100"C 

D  130 

ND 

la 

la 

la 

RVP,  kPa 

D  323 

13.1 

ND 

ND 

ND 

Total  Acid  No.,  mg  KOH/g 

D  664 

0.001 

0.002 

0.001 

0.000 

FIA,  vol% 

D  1319 

Aromatics 

15.2 

22.5 

17.6 

19.9 

Olefins 

1.3 

1.9 

2.4 

2.7 

Saturates 

83.5 

75.6 

80.0 

77.4 

Sulfur,  wt% 

D  2672 

0.02 

0.09 

0.02 

0.01 

Particulate  Matter,  mg/1 

D  2276 

0.5 

0.4 

0.7 

0.5 

Existent  Gum,  mg/ 100  ml 

D  381 

0.6 

0.4 

1.0 

0.7 

Carbon,  wt% 

a 

85.98 

86.16 

85.93 

85.49 

Hydrogen,  wt% 

a 

14.01 

13.42 

13.52 

13.42 

Water,  ppm 

D  1744 

100 

110 

90 

40 

FSII,  voi% 

FTMS  791 

0.07 

0.02 

0.28 

0.09 

Cetane  No. 

D  613 

28 

40 

44 

41 

ND  -  Not  Determined, 
a  •  AFLRL  Microcombustion  method. 
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content  of  the  fuels  was  determined  after  the  stirring  or  sonic  treatment  by 
AST>1  D  174A.V  The  conductivity  measurements  were  made  using  a  portable  con- 
ductivity  meter  which  met  the  requirements  of  ASTM  test  method  D  2624.  As 
shown  in  Figure  2,  the  tempertturn/viscosity  determinatlonn  were  linear  for 
the  as  received  fuels  when  plotted  on  an  ASTM  temperature-viscosity  chart.  As 
shown  in  Tables  3  through  9,  temperature/viscosity  determinations  apparently 
were  not  influenced  by  fuel/water  content.  The  conductivity  measurements  at 
varying  low  temperatures  were  generally  constant  (x2  conductivity  units)  per 
fuel.  The  addition  of  0.15  volX  EGME  to  DF-1  and  DFA  did  not  effect  low- 
temperature  viscosities  or  conductivities. 

Fuel  viscosity  and  conductivity  determinations  were  made  for  the  four  Alaskan 
fuels  at  10#F  intervals  from  +10*F  (-12.2*0)  to  -60*F  (~51.1#C).  The  results 
are  shown  in  Table  10.  Sample  AL-9476  (JP-4)  showed  a  greatly  reduced  ab¬ 
solute  conductivity  (-56  CU)  at  the  very  low  test  temperatures.  This  trend 
was  also  observed  with  the  Jet  A-l  and  DF-A  samples,  but  to  a  lesser  absolute 
extent,  because  of  the  much  lower  initial  conductivities. 

C.  Fuel  System  Icing  Inhibitor  (FS1I)  Effects  at  Low  Temperatures 

FSIl/water  addition  effects  were  determined  at  low  temperatures.  Water  was 
added  in  0.01  vol%  increments  to  test  fuels  JP-4,  DF-A,  DF-A  +  0.15  volX  FSII 
and  Alaskan  fuels  JP-4,  JP-5,  and  DF-A,  The  tests  were  performed  at  10#F 
intervals  from  +10°F  (-12,2*0)  to  -60*F  (-51.1*0).  The  results  Indicated  that 
ice  forms  for  each  fuel  at  each  temperature  with  the  first  0.01  volX  addition 
of  water.  The  quantity  of  crystals  observed  was  insufficient  to  allow  a 
measurement  of  FSII  content  to  determine  if  the  icing  Inhibitor  was  picked  up 
by  the  added  water.  Thus,  an  additional  experiment  was  run  to  determine  the 
amount  of  FSII  that  is  removed  at  each  temperature  (+10°  to  -60*F),  AT  * 
10°F)  by  the  addition  and  swirling  of  0,15  volX  water.  The  results,  shown  In 
Table  11,  are  expressed  as  FSII  content  remaining  after  low-temperature  water 
exposure.  All  of  the  fuels  retained  most  if  not  all  of  the  FSII  after  this 
low-temperature  exposure  to  water. 


% 
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TABLE  3.  FUEL  VISCOSITY  AND  CONDUCTIVITY  FOR  JP-4 


Fuel:  JP-4,  AL-9254 
0. 10  volt  EONS 


Sample  Description 

Water  Content, 

D  1744,  ppm 

"As 

Reev'd" 

70 

Added  Water 

120 

Added 

400 

Water 

Test  Kin  Vis, 

Kin  Vis, 

Kin  Vis, 

*C(* **F) 

cSt 

CU* 

cSt 

CU* 

cSt 

CU* 

-1*1(30) 

1.13 

3 

1.12 

4 

1.12 

5 

-6.7(20) 

1.21 

6 

1.22 

4 

1.22 

4 

-12.2(10) 

1.32 

4 

1.33 

4 

1.33 

4 

-17.8(0) 

1.46 

5 

1.46 

3 

1.44 

3 

-23.3(-10) 

1.61 

4 

1.59 

4 

1.60 

3 

-28.9(-20) 

1.79 

4 

1.80 

4 

1.77 

4 

-34.4(-30) 

1.98 

4 

1.99 

4 

2.00 

5 

-40(-40) 

2.26 

4 

2.29 

5 

2.29 

5 

-45.6(-50) 

2.56 

3 

2.61 

5 

2.61 

5 

-51.1 (-60) 

2.96 

5 

3.01 

5 

3.01 

5 

*  CU  -  Conductivity  Units  ■  plcoslemena /meter  by  A3TM  Method  D  2624* 


TABLE  4.  FUEL  VISCOSITY  AND  CONDUCTIVITY  FOR  JP-5 


Fuel!  JP-5,  AL-7247 
0.11  vol*  EGME 


Sample  Description 

Water  Content, 

D  1744,  ppm 

"As  Reev'd" 

30 

Added  Water 

60 

Added 

220 

Water 

Test  Kin  Vis, 

Kin  Vis, 

Kin  Vis, 

•C(°F) 

cSt 

CU* 

cSt 

CU* 

cSt 

CU* 

-1, 1(30) 

3.54 

5 

3.55 

4 

3.S* 

1 

-6.7(20) 

4.08 

5 

4.13 

4 

4.13 

2 

-12.2(10) 

4.79 

4 

4.81 

6 

4.83 

4 

-17.8(0) 

5.72 

3 

5.76 

3 

5.68 

2 

-23,3(-10) 

6.93 

2 

7.00 

3 

6.88 

2 

-28.9(-20) 

8.58 

3 

8.67 

4 

8.59 

4 

-34.4(-30) 

10.73 

3 

10.82 

4 

10.86 

4 

-40(-40) 

14.14 

3 

14.17 

3 

14.13 

3 

—45. 6(— 50) 

19.33 

3 

19.18 

3 

19.16 

3 

-51.1 (-60) 

** 

2 

** 

3 

** 

3 

*  CU  -  Conductivity  Units  ■  picosleosns/meter  by  ASTM  Method  D  2624* 

**  Crystals  restricted  flow  In  viscosity  tube;  however,  conductivity  could 
still  be  determined* 
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TABLE  5.  FUEL  VISCOSITY  AND  CONDUCTIVITY  FOR  DF-1 


Fuels  DF-1,  AL-9294 


Sample  Description  "As  Reev'd" 

Water  Content, 

D  1744.  ppm  30 

Added  Water 

180 

Added 

200 

Water 

Test 

Kin  Vis, 

Kin  Vis, 

Kin  Vis, 

*C(*F) 

cSt 

CU* 

cSt 

CU* 

cSt 

CU* 

-1.1(30) 

4.69 

3 

4.75 

2 

4.72 

2 

-6.7(20) 

5.54 

3 

5.52 

2 

5.58 

1 

-12.2(10) 

6.62 

2 

6.64 

2 

6.62 

2 

-17.8(0) 

8,07** 

2 

8.15 

2 

8.09 

1 

-23.3(-10) 

*** 

2 

10.55** 

2 

10. 19** 

1 

—28. 9 (—20) 

ND 

ND 

eee 

2 

*** 

1 

*  CU  -  Conductivity  Units  -  picoslemens /meter  by  ASTM  Method  D  2624. 

**  Crystals  settling  out. 

***  Crystals  restricted  flow  In  viscosity  tube;  however,  conductivity  could 
still  be  determined. 

ND  Not  determined. 


TABLE  6.  FUEL  VISCOSITY  AND  CONDUCTIVITY  FOR  DF-1  +  FSII 


Fuel:  DF-1  +  FSII 

AL-9294  +0.15  vol*  EGME 


Sample  Description  "As  Racv 

•d" 

Added  Water 

Added 

Water 

FSII,  volZ 

0.14 

0.18 

0.18 

Water  Content, 

D  1744,  ppm 

30 

50 

190 

Teat 

Kin  Vis, 

Kin  Vis, 

Kin  Vis, 

*C (*F) 

cSt 

CU* 

cSt 

CU* 

cSt 

CU* 

-1.1(30) 

4.71 

1 

4.69 

2 

4.69 

2 

-6.7(20) 

5.54 

2 

5.53 

2 

5.53 

2 

-12.2(10) 

6.61 

2 

6.59 

2 

6.62 

1 

-17.8(0) 

8.08 

2 

8.07 

1 

8.10 

l 

—23. 3 (— 10) 

** 

2 

10.20*** 

i 

10.24*** 

2 

-28.9(-20) 

ND 

ND 

15.92*** 

i 

** 

2 

-34.4(-30) 

ND 

ND 

** 

l 

ND 

ND 

*  CU  ■  Conductivity  Units  -  picoslemens /meter  by  ASTM  Method  D  2624. 

**  Crystals  restricted  flow  In  viscosity  tube;  however,  conductivity  could 
stilL  be  determined. 

***  Crystals  settling  out 
ND  Not  determined. 
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TABLE  7.  FUEL  VI8C03ITT  AND  CONDUCTIVITY  FOR  DF-A 


Fuel:  DF-A,  AL-9295 


Sanple  Description 

Water  Contant, 

D  1744,  ppm 

"As  Reev’d" 

80 

Aaded  Water 

120 

Added  Water 

290 

Test  Kin  Vis, 

Kin  Vis, 

Kin  VIk , 

*C(*F) 

cSt 

CU* 

cSt 

CU* 

cSb 

CU* 

-1.1(30) 

2.32 

2 

2.33 

2 

2.32 

1 

-6.7(20) 

2.61 

2 

2.63 

2 

2.62 

2 

-12.2(10) 

2.95 

2 

2.97 

2 

2.96 

2 

-17.8(0) 

3.39 

2 

3,44 

2 

3.42 

1 

-23.3(-10) 

3.97 

2 

4.02 

2 

4.00 

1 

-28.9 (-20) 

4.77 

2 

4.82 

2 

4.82 

2 

-34.4(-30) 

5.82 

2 

5.68 

2 

5.85 

2 

-40(-40) 

6.87 

2 

6.96 

2 

7.12 

2 

-45.6(-50) 

8.61 

2 

8.71 

2 

8.89 

2 

-51.K-60) 

11.10 

1 

11.19 

1 

11.13 

1 

*  CU  •  Conductivity  Units  *  picoslenens/aeter  by  ASTN  Method  D  2624. 


TABLE  8.  FUEL  VISCOSITY  AND  CONDUCTIVITY  FOR  DF-A  ♦  FSII 


Fuel:  DF-A  +  FSII 

AL-9295  +0.15  vol*  EGME 


Sample  Description 
FSII,  volX 

Water  Content, 

D  1744,  ppm 

"As  Reev'd" 
0.14 

60 

Added  Water 
0.18 

140 

Added  Water 
0.18 

260 

Test  Kin  Vis, 

Kin  Vie, 

Kin  Vis, 

*CCF) 

cSt 

CU* 

cSt 

CU* 

cSt 

CU* 

-1.1(30) 

2.31 

2 

2.29 

1 

2.31 

1 

-6.7(20) 

2.59 

2 

2.59 

1 

2.61 

l 

-12.2(10) 

2.93 

2 

2.94 

0 

2.94 

0 

-17.8(0) 

3.38 

1 

3.40 

0 

3.39 

0 

—23. 3 (— 10) 

3.96 

2 

3.98 

2 

3.97 

2 

-28.9 (-20) 

4.20 

2 

4.76 

1 

4.75 

2 

-34.4(-30) 

5.58 

3 

5.58 

1 

5.58 

1 

-40(-40) 

6.89 

3 

6.85 

l 

6.84 

1 

—45. 6(— 50) 

8.65 

2 

8.56 

2 

8.57 

2 

-51.1 (-60) 

11.10 

2 

11.08 

2 

11.14 

3 

*  Cti  -  Conductivity  Units  -  plcoslemens /astsr  by  ASTM  Method  2624. 
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TABLE  9.  FUEL  VISCOSITY  AMD  CONDUCTIVITY  FOR  JP-8 


Fu«lt  JP-8,  AL-9293 
0.08  volX  EGME 


Sample  Description  "As  Racv' 

d"  Added 

Water 

Added  Water 

Water  Content, 

D  1744,  ppm 

20 

140 

200 

Teat 

Kin  Via,, 

Kin  Via, 

Kin  Vie, 

•CCF) 

cSt 

CU*  cSt 

CU* 

cSt 

CU* 

-1.1(30) 

2.06 

4  2.05 

6 

2.06 

5 

-6.7(20) 

2.30 

6  2.29 

5 

2.30 

5 

-12.2(10) 

2.59 

6  2.58 

5 

2.59 

4 

-17.8(0) 

2.99 

6  2.94 

4 

2.95 

4 

-23. 3(-10) 

3.42 

6  3.42 

3 

3.44 

4 

-28.9(-20) 

4.04 

8  4.09 

3 

4.09 

4 

-34.4(-30) 

4.73 

8  4.91 

3 

4.93 

4 

-40(-40) 

5.71 

7  5.69 

3 

5.70 

4 

-45.6(-50) 

7.06 

6  7.07 

2 

7.07 

2 

-51. 1 ( -60) 

8.99 

8  8.93 

2 

8.95 

2 

*  CU  ■  Conductivity  Units  -  plcoslemens/meter 

by  ASTM  Method  D  2624. 

TABLE  10 

.  FUEL  VISCOSITY  AND  CONDUCTIVITY  FOR  ALASKAN  FUELS 

Fuel 

AL-9476 

AL-9477 

AL-9478  AL-9479 

Sample  Description  JP-4 

Jet  A-l 

DFA 

JP- 

5 

FSlt  Content, 

r** 

O 

• 

o 

•H 

o 

> 

0.02 

0. 28 

0.09 

Water  Content, 

D  1744,  ppm 

100 

110 

90 

40 

Test 

Kin  Via, 

Kin  Vis, 

Kin  Vis, 

Kin  Vie, 

*C (*F) 

cSt  CU*  cSt  CU* 

cSt 

CU*  cSt 

CU* 

-12.2(10) 

1.25  60 

3.25  4 

4.10 

8  4.37 

1 

-17.8(0) 

1.37  60 

3.74  4 

4.80 

8  5.14 

\ 

-23. 3 (— 10) 

1.51  70 

4.44  4 

5.80 

8  6.24 

1 

-28.9(-20) 

1.67  70 

5.35  4 

7.03 

10  7.66 

2 

-34. 4(-30) 

1.86  70 

6.40  3 

8.71 

10  9.53 

2 

-40(-40) 

2.08  30 

7.92  0 

11.06 

6  12.28 

2 

-45.6(-50) 

2.36  20 

10.03**  0 

14.53 

5  16.42 

1 

-51.1 (-60) 

2.70  14 

-Solid-  - 

-  Solid 

22.71 

0 

* CU  ■  Conductivity  Units  ■  picosiemena/meter  by  ASTM  Method  D  2624. 

**  Crystals  present 
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TABLE  11.  FSII  REMAINING  AFTER  LOW-TEMPERATURE  EXPOSURE  TO  0.15  VOLX  WATER 


Sample,  AL- 

9254 

9295 

9295+FSII 

9476* 

9478* 

9479* 

Fuel  Type 

JP-4 

DF-A 

DF-A+FSII 

JP-4 

DF-A 

JP-5 

Initial  FSII,  volX 

0.10 

NIL 

0.11 

0.07 

0.28 

0.09 

FSII  Remaining 

After  Exposure  to 
0.15  volX  Water, 
at  *C(*F) 

-12.2(10) 

0.10 

0.01 

0.05 

0.08 

0.24 

0.06 

-17.8(0) 

0.08 

0.00 

0.09 

0.05 

0.25 

0.06 

-23. 3(-10) 

0.09 

0.01 

0.10 

0.06 

0. 28 

0.06 

-28. 9 (-20) 

0.09 

0.01 

0.09 

ND 

ND 

ND 

-34.4(-30) 

0.09 

0.00 

0.10 

0.08 

0.23 

0.07 

-40(-40) 

0.09 

0.00 

0.11 

ND 

ND 

ND 

-45,6(-50) 

0.09 

0.00 

0.10 

ND 

ND 

ND 

-51.1 (-60) 

0.09 

0.00 

0.10 

0.06 

0.22 

0.05 

*  Alaska  field  sample. 
ND  »  Not  determined. 


•  Contaminant  Characterisation  at  -51«1*C 


A  series  of  experiments  ware  run  at  -51.1*C  (-60*F)  to  determine  contaminant 
characterisation  effects.  Coarse  AC  test  dust  was  added  at  0.0,  0.01,  and 
0.10  wtX  to  the  test  fuel  and  dispersed  using  a  combination  of  physical  stir¬ 
ring  and  sonic  treatment.  The  fuels  used  were  JP-4  (AL-9254),  DF-A  (AL-9295) , 
and  DF-A  +  0,15  volX  FSII  (AL-9295  +  FSII).  The  test  samples  were  cooled 
slowly  to  -51.1*C  (-6Q*F)  and  observed.  The  samples  without  dust  remained 
clear  while  the  dust-containing  samples  retained  only  a  very  slight  amount  of 
dispersed  dust.  In  fact,  most  of  the  dust  had  settled  out  of  the  fuels  prior 
to  cooling.  Photographs  were  attempted  for  documentation  of  the  fuel  and 
contaminant  agglomeration  at  -51*1*C.  Unfortunately,  the  fuels  did  not  pro¬ 
vide  adequate  contrast  for  satisfactory  photographs. 

E.  Fuels  Characterisation  Using  Liquid-Solid  Separator 

Several  of  the  test  fuels  were  characterised  using  the  liquid-solid  separator 
(LSS) ,  The  LSS  is  a  pressurised  low-temperature  filtration  (0,22  micron) 
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technique  which  determines  the  percent  (vol  or  wt)  of  solid-crystal  neterlel 
at  e  given  fuel  temperature  (7),  Previous  work  had  determined  that  when  LSS 
solids  exceed  3  volX,  plugging  problems  are  onc^ntercd  with  vehicle  fuel 
filters*  The  LSS  results  are  shown  In  Table  12*  The  addition  of  0.15  volX 
FSI1  to  DF-1  (AL-9294)  and  DT-A  (AL-9293)  did  not  appreciably  affect  low- 
temperature  fuel  behavior  In  the  LSS.  The  addition  of  100-  to  300-ppm  water 
to  the  fuels  containing  FSII  alao  did  not  affect  low-temperature  LSS  per¬ 
formance.  A  email  amount  of  Ice- like  material  waa  present  on  the  LSS  filters 
of  water 'containing  fuels.  Finally,  the  addition  of  0*01  wtX  AC  Dust  to  the 
DF-A  with  FSII  fuel  did  not  affect  LSS  performance* 

IV.  CONCLUSIONS 

The  following  conclusiona  are  made  based  on  the  work  performed  during 
this  project: 

e  Water  and  contaminants  are  closely  monitored  and  removed  from  arctic 

turbine  aircraft  fuela* 

e  Arctic  diesel  fuels  apparently  do  not  receive  special  water  and  con¬ 
taminant  removal  after  delivery  by  the  fuel  supplier. 

e  The  fuels  examined  had  the  typical  petroleum  temperature-viscosity  re¬ 

lationship  as  evidenced  by  their  linear  plots  on  an  ASTM  temperature 
viscosity  chart* 

e  Low-temperature  fuel  viscosities  were  not  affected  by  t*»a  water  contents 
in  the  range  of  20  to  400  ppm* 

e  Fuel  conductivities  at  varying  low  temperatures  were  generally  constant 
(t2  CU)  axcept  for  ths  JP-4  (Alaska),  Jst  A-l  Alaska,  ant**  DF-A  (Alaska)* 
These  three  fuels  had  conduct lvltlss  which  decreased  with  decreasing 
fuel  temperature. 

e  Addition  of  0.15  volX  FSII  (IGMB)  to  DF-1  and  DF-A  did  not  effect  low- 
temperature  viscosities  or  conductivities* 
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TABLE  12.  LIQUID- 80LID  SEPARATOR  RESULTS 


Fuel  Properties.  *C  LSS 

Fuel  ID  Pour  Cloud  Freese  Teat  Solids, 


AL- 

Type 

Point 

Point 

Point 

Tenp,  *C 

volX 

9294 

DP-1 

-36 

-23 

-18 

-30 

5 

-40 

20 

-50 

100 

9294 

DF-1 

♦  0.15  volX 

FSII* 

-30 

6 

-40 

17 

9294 

DF-l 

+0.15  volX 

FSII  + 

0.03  volX  HO 

-30 

4 

Z 

-40 

20 

9295 

DF-A 

-56 

-52 

-52 

-50 

2 

-60 

10 

9295 

DF-A 

+0.15  volX 

FSII 

-50 

4 

9295 

DF-A 

K 

H 

o 

> 

1 f\ 

• 

o 

♦ 

FSII  + 

0.01  volX  H20 

-50 

2 

9295 

DF-A 

+  0. 15  volX 

FSII  ♦ 

o 

• 

o 

r» 

H* 

N 

X 

-50 

3 

9295 

DF-A 

K 

o 

> 

«n 

• 

O 

+ 

FSII  + 

0.01  wtX  AC  Duet 

-50 

2 

9478 

DF-A 

(Alaska) 

-53 

-43 

-47 

-40 

0 

-50 

8 

-60 

37 

7247 

JP-5 

-57 

-46 

-46 

-40 

0 

-50 

2 

-60 

26 

9479 

JP-5 

(Alaska) 

-60 

-52 

-56 

-50 

1 

-60 

4 

9293 

JP-8 

-65 

-55 

-45 

-60 

1 

9477 

Jet  A-l  (Alaska) 

-58 

-52 

-49 

-50 

3 

-60  9 


a  ■  Fiji  I  -  fuel  system  Icing  inhibitor  ■  ethylene  glycol  monomethyl  ether. 
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•  Visible  Ice  crystal*  wars  formed  In  fuels  containing  FSI1  when  100-ppm 
water  was  added. 

e  Fuels  containing  FSII  were  exposed  to  0.15  volZ  water  at  various  low 
teaperaturas.  The  fuels  retained  their  FSII  contents. 

e  The  test  fuels  would  not  hold  a  simulated  contaminant.  AC  test  dust  was 
added  to  fuels  at  room  temperature,  and  tha  f  1 »  were  cooled.  Most  of 
the  dust  settled  out  prior  to  cooling, 

e  A  liquid-solid  separator  was  used  to  characterise  the  test  fuels  at  low 
temperatures.  Addition  of  0.15  volZ  FSII  did  not  affect  fuel  performance 
In  the  LSS. 


V.  RECOMMENDATIONS 

The  following  recommendations  for  additional  work  are  offered: 

e  Low-temperature  properties  should  be  determined  for  synthetic  fuels 
derived  from  shale  and  coal. 

e  The  effect  of  a  proposed  diesel  fuel  stabilisation  addltlv*  package  on 
low-temperature  fuel  properties  should  be  determined. 

*  Additional  test  procedures  and  experiments  should  be  designed  to  better 
characterise  FSII/water  Interactions  at  low  temperatures. 
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APO  SEATTLE  98733 

CDR 

US  ARMY  RESEARCH  &  STDZN  GRP  (EUROPE) 
ATTN  DRXSN-E-RA  1 

BOX  65 

FPO  NEW  YORK  09510 

HQ,  US  ARMY  AVIATION  R&D  CMD 
ATTN  DRDAV-D  (MR  CRAWFORD)  1 

DRDAV-N  (MR  BORGMAN)  1 

DRDAV-E  (MR  LONG)  1 

PO  BOX  209 
ST  LOUIS,  MO  63166 


CDR 

US  ARMY  FORCES  CMD 
ATTN  AFLC-REG  (MR  HAMMERSTROM)  1 

AFLG-POP  (MR  COCK)  1 

FORT  MCPHERSON  GA  30330 

CDR 

US  ARMY  ABERDEEN  PROVING  GROUND 
ATTN  STEAP-MT  1 

STEAP-MT-U  (MR  DEAVER)  1 

ABERDEEN  PROVING  GROUND  MD  21005 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN  STEYP-MT  (MR  DOEBBLER)  1 

YUMA  AZ  85364 

MICHIGAN  ARMY  MISSILE  PLANT 
OFC  OF  PROJ  MGR,  XM-1  TANK  SYSTEM 
ATTN  DRCPM-GCM-S  1 

WARREN  MI  48090 

MICHIGAN  ARMY  MISSILE  PLANT 
PROG  MGR,  FICHTINC  VEHICLE  SYS 
ATTN  DRCPM-FVS-SE  1 

WARREN  MI  48090 
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PROJ  MGR,  M60  TANK  DEVELOPMENT 
ATTN  DRCPM-M60-E  1 

WARREN  MI  48090 

PROD  MGR,  Ml 13/Ml 13A1  FAMILY 
OF  VEHICLES 

ATTN  DRCPM-M1 13  1 

WARREN  MI  48090 

PROJ  MGR,  MOBILE  ELECTRIC  POWER 
ATTN  DRCPM-MEPtTM  s  1 

7500  BACKLICK  RQA6 
SPRINGFIELD  VA  22150 

OFC  OF  PROJ  MGR,  IMPROVED 
TOW  VEHICLE 

US  ARMY  TANK-AUTOMOTIVE  RSCH  & 

DEV  CMD 

ATTN  DRCPM-ITV-T  1 

WARREN  MI  48090 

CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN  AEAGC-FMD  1 

APO  NY  09403 

PROJ  MGR,  PATRIOT  PROJ  OFC 

ATTN  DRCPM-MD-T-G  l 

US  ARMY  DARCOM 

REDSTONE  ARSENAL  AL  35809 

CDR 

THEATER  ARMY  MATERIEL  MGMT 
CNTR  (200th) 

DIRECTORATE  FOR  PETROL  MGMT 
ATTN  AEACD-MM- PT-Q  (MR  PINZOLA)  1 

ZWEIBRUCKEN 
APO  NY  09052 

CDR 

US  ARMY  RESEARCH  OFFICE 
ATTN  DRXRO-EG  1 

DRXRO-CB  (DR  GHIRARDELLI)  1 

PO  BOX  12211 

RSCH  TRIANCLE  PARK  NC  27709 
DIR 

US  ARMY  RES  &  TECH  LAB 

ADVANCED  SYS  RSCH  OFC 

ATTN  MR  D  WILSTED  1 

AMES  RSCH  CTR 

MOFFIT  FIELD  CA  94035 


CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN  STSGP-PW  (MR  PRICE)  1 

SHARPE  ARMY  DEPOT 
LATHROP  CA  95330 

CDR 

!JS  ARMY  FOREIGN  SCIENCE  & 
TECHNOLOGY  CENTER 
ATTN  DRXST-MT1  1 

FEDERAL  BLDG 
CHARLOTTESVILLE  VA  22901 

HQ,  US  ARMY  TEST  &  EVAL  CMD 
ATTN  DRSTE-TO-O  1 

ABERDEEN  PROVING  GROUND  MD  21005 

HQ,  US  ARMY  TROOP  SUPPORT  & 
AVIATION  MATERIAL  READ  CMD 
ATTN  DRSTS-MEG  2 

DRCPO-PDE  (LTC  FOSTER)  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120 

DEPARTMENT  OF  THE  ARMY 
CONSTRUCTION  ENGINEERING 
RESEARCH  LABORATORY 
ATTN  CERL-EM  1 

PO  BOX  4005 
CHAMPAIGN  IL  61820 

HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 
ATTN  ATCD-SL  (MR  RAFFERTY)  1 

FORT  MONROE  VA  23651 

DIRECTOR 

US  ARMY  RESEARCH  &  TECHNOLOGY 
LABORATORIES  (AVRADCOM) 

PROPULSION  LABORATORY 
ATTN  DAVDL-PL-D  (MR  ACURIO)  1 

21000  BROOK PARK  ROAD 
CLEVELAND  OH  44135 

CDR 

US  ARMY  NATICK  R&D  CMD 

ATTN  DRDNA-YEP  (DR  KAPLAN)  1 

NATICK  MA  01760 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN  ATSP-CD-MS  1 

FORT  EUST1S  VA  23604 
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PROJ  MGR,  M60  TANK  DEVELOPMENT 
ATTN  DRCPM-M60-E 
WARREN  MI  48090 

PROD  MGR,  Ml 13/Ml 13A1  FAMILY 
OF  VEHICLES 
ATTN  DRCPM-M1 13  l 

WARREN  MI  48090 

PROJ  MGR,  MOBILE  ELECTRIC  POWER 
ATTN  DRCPM-MEP-TM  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 

OFC  OF  PROJ  MGR,  IMPROVED 
TOW  VEHICLE 

US  ARMY  TANK-AUTOMOTIVE  RSCH  & 

DEV  CMD 

ATTN  DRCPM-ITV-T  1 

WARREN  MU'  48090 

CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN  AEACC-FMD  1 

APO  NY  09403 

PROJ  MGR,  PATRIOT  PROJ  OFC 

ATTN  DRCPM-MD-T-G  1 

US  ARMY  DARCOM 

REDSTONE  ARSENAL  AL  35809 

CDR 

THEATER  ARMY  MATERIEL  MGMT 
CNTR  (200th) 

DIRECTORATE  FOR  PETROL  MGMT 
ATTN  AEACD-MM-PT-Q  (MR  PINZOLA)  1 

ZWEIBRUCKEN 
APO  NY  09052 

CDR 

US  ARMY  RESEARCH  OFFICE 
ATTN  DRXRO-EC  1 

DRXRO-CB  (DR  GHIRARDELLI)  l 

PO  BOX  12211 

RSCH  TRIANCLE  PARK  NC  27709 


US  ARMY  RES  &  TECH  LAB 

ADVANCED  SYS  RSCH  OFC 

ATTN  MR  D  WILSTED  1 

AMES  RSCH  CTR 

MOFFIT  FIELD  CA  94035 


CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN  STSGP-PW  (MR  PRICE)  1 

SHARPE  ARMY  DEPOT 
LATHROP  CA  95330 

CDR 

US  ARMY  FOREIGN  SCIENCE  & 
TECHNOLOGY  CENTER 
ATTN  DRXST-MT1  1 

FEDERAL  BLDG 

CHARLOTTESVILLE  VA  22901 

HQ,  US  ARMY  TEST  1  EVAL  CMD 
ATTN  DRSTE-TO-O  1 

ABERDEEN  PROVING  GROUND  MD  21005 

HQ,  US  ARMY  TROOP  SUPPORT  & 
AVIATION  MATERIAL  READ  CMD 
ATTN  DRSTS-MEG  2 

DRCPO-PDE  (LTC  POSTER)  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120 

DEPARTMENT  OF  THE  ARMY 
CONSTRUCTION  ENGINEERING 
RESEARCH  LABORATORY 
ATTN  CERL-EM  1 

PO  BOX  4005 
CHAMPAIGN  IL  61820 

HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 
ATTN  ATCD-SL  (MR  RAFFERTY)  1 

FORT  MONROE  VA  23651 

DIRECTOR 

US  ARMY  RESEARCH  &  TECHNOLOGY 
LABORATORIES  (AVRADCOM) 

PROPULSION  LABORATORY 
ATTN  DAVDL-PL-D  (MR  ACURIO)  1 

21000  BROOK PARK  ROAD 
CLEVELAND  OH  44135 

CDR 

US  ARMY  NATICK  R&D  CMD 

ATTN  DRDNA-YEP  (DR  KAPLAN)  1 

NATICK  MA  01760 

CDR 

US  \RMY  TRANSPORTATION  SCHOOL 
ATTN  ATSP-CD-MS  1 

FORT  BUST IS  VA  23604 
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CDR 

US  ARMY  QUARTERMASTER  SCHOOL 


ATTN  ATSM-CD-M  1 

ATSM-CTD-MS  1 

ATSM-TNC-PT  (COL  VOLPE)  1 

PORT  LEE  VA  23801 

HQ,  US  ARMY  ARMOR  SCHOOL 

ATTN  ATSB-TD  1 

PORT  KNOX  KY  40121 

CDR 

US  ARMY  LOGISTICS  CTR 

ATTN  ATCL-MS  (MR  A  MARSHALL)  1 

FORT  LEE  VA  23801 

CDR 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
ATTN  ATSF-CD  1 

FORT  SILL  OK  73503 

CDR 

US  ARMY  ORDNANCE  CENTER  &  SCHOOL 
ATTN  ATSL-CTD-MS  1 

ABERDEEN  PROVING  GROUND  MD  21005 

CDR 

US  ARMY  ENGINEER  SHCOOL 

ATTN  ATSE-CDM  1 

FORT  BELVOIR  VA  22060 

CDR 

US  ARMY  INFANTRY  SCHOOL 

ATTN  ATSH-CD-MS-M  1 

FORT  BENNING  GA  31905 

CDR 

IS  ARMY  AVIATION  CENTER  &  FT  RUCKER 
ATTN  ATZQ-D  1 

FORT  RUCKER  AL  36362 

HQ  AIR  FORCE  SYSTEMS  CMD 

ATTN  AFSC/DLF  (LTC  RADLOFF)  1 

ANDREWS  AFB  MD  20334 


CDR 

US  AIR  FORCE  WRIGHT  AERO  LAB 
ATTN  AFWAL/POSF  (MR  CHURCHILL)  1 
WRIGHT- PATTERSON  AFB  Oh  45433 

CDR 

USAP  SAN  ANTONIO  AIR  LOGISTICS  CTR 
ATTN  SAALC/SFQ  (MR  MAKRIS)  1 

KELLY  AFB  TX  78241 


CDR 

USAP  WARNER  ROBINS  AIR  LOGISTICS  CTR 
ATTN  WR-ALC /MMIRAB- 1  (MR  GRAHAM)  1 
ROBINS  AFB  CA  31098 

CDR 

NAVAL  AIR  PROPULSION  CENTER 
ATTN  PE- 71  1 

PO  BOX  7176 
TRENTON  NJ  06828 

CDR 

NAVAL  SHIP  ENGINEERING  CTR 
CODE  6 10 IF  (MR  R  LAYNE)  1 

WASHINGTON  DC  20362 

CDR 

DAVID  TAYLOR  NAVAL  SHIP  R&D  CTR 
CODE  2830  (MR  G  BOSMAJIAN)  1 

CODE  2831  1 

ANNAPOLIS  MD  21402 

DEPARTMENT  OF  THE  NAVY 

HQ,  US  MARINE  CORPS 

ATTN  LPP  (MAJ  SANBERG)  1 

WASHINGTON  DC  20380 

CDR 

NAVAL  AIR  SYSTEMS  CMD 

ATTN  CODE  53645  1 

WASHINGTON  DC  20361 

CDR 

NAVAL  RESEARCH  LAB 

ATTN  CODE  6110  (DR  HARVEY)  1 

WASHINGTON  DC  20375 

CDR 

DEFENSE  FUEL  SUPPLY  CTR 
ATTN  DFSC-T  l 

CAMERON  STATION 
ALEXANDRIA  VA  22314 

CDR 

NAVAL  MATERIEL  COMMAND 
ATTN  MAT-08T3  (DR  A  ROBERTS)  1 

CP6,  ROOM  606 
WASHINGTON  DC  20360 

CDR 

NAVY  PETROLEUM  OFC 

ATTN  CODE  40  1 

CAMERON  STATION 

ALEXANDRIA  VA  22314 
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MARINE  CORPS  LOGISTICS  SUPPORT 
BASE  ATLANTIC 

ATTN  CODE  ?841  1 

ALBANY  GA  31704 
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